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IgG ANTIBODY RESPONSES IN MICE COINFECTED WITH Toxocara canis AND OTHER  
HELMINTHS OR PROTOZOAN PARASITES
Susana A. Zevallos LESCANO(1), Maria Cristina NAKHLE(1), Manoel Carlos S.A. RIBEIRO(2) & Pedro Paulo CHIEFFI(1,2)
SUMMARY
The immune response expressed by IgG antibodies in BALB/c mice experimentally infected with Toxocara canis, was studied 
with the aim of verifying the possible in vivo cross-reactivity between antigens of T. canis and other parasites (Ascaris suum, Taenia 
crassiceps, Schistosoma mansoni, Strongyloides venezuelensis and Toxoplasma gondii). Experiments included three groups of mice: 
one infected only by T. canis, another with one of the other species of parasites and a third concomitantly infected with T. canis and 
the other species in question. Animals were bled by orbital plexus at 23, 38 and 70 days post infection (p.i.). Sera were analyzed for 
anti-Toxocara antibodies by ELISA and Immunoblotting, using excretion-secretion antigens (ES), obtained from culture of third-
stage larvae of T. canis. For all experiments a control group comprised by ten non-infected mice was used. Only in the case of A. 
suum infection, in these experimental conditions, the occurrence of cross-reactivity with T. canis was observed. However, in the 
case of co-infection of T. canis - S. mansoni, T. canis - S. venezuelensis and T. canis - T. crassiceps the production of anti-Toxocara 
antibodies was found at levels significantly lower than those found in mice infected with T. canis only. Co-infection with S. mansoni 
or S. venezuelensis showed lower mortality rates compared to what occurred in the animals with single infections. Results obtained 
in mice infected with T. canis and T. gondii showed significant differences between the mean levels of the optical densities of animals 
infected with T. canis and concomitantly infected with the protozoan only in the 23rd day p.i. 
KEYWORDS: Toxocara canis; Ascaris suum; Taenia crassiceps; Schistosoma mansoni; Strongyloides venezuelensis; Toxoplasma 
gondii; Coinfection; IgG; Humoral response.
INTRODUCTION 
In natural conditions host susceptibility to infection by several species 
of parasites may be subjected to pressures resulting in multiple infections 
that should manifest differently to the simple summation of individual 
effects of each infection. Such concomitant factors of injury should 
always be considered, despite being often overlooked in clinical practice. 
From the experimental point of view and also under a theoretical 
perspective, there are several studies on the interactions among 
parasites harbored by the same host reporting either competitive action, 
development of cross-immunity, synergy or indifferent coexistence7,28. 
In certain circumstances, changes that take place among organisms of 
different species that live as parasites on the same host manifest negative 
interactions increasing the immune response against a second parasite 
by means of cross-immunity or, conversely, cause immunosuppression 
of the host, thus showing a positive interaction10.
Helminth parasites can live in their hosts for long periods; for this 
to happen either the host immune system must be depressed or the 
invading agent has to own some adaptations conferring resilience to the 
attacks of the host immune response. In the case of T. canis larvae that 
induce strong eosinophilic inflammation they seem to be refractory to 
this reaction, allowing the parasite to survive in different host species, 
for several years4. 
The murine models of helminthic infections have become very 
important to identify the protective mechanisms mediated by antibodies 
and specific immune-effector cells that also contribute to protective 
immunity. Experiments with mice have provided data indicating that 
antibodies, particularly IgG and IgM, can act as potent mediators of 
protective immunity after infection with helminth parasites22. 
Since mice mimic well human toxocariasis, tolerating massive 
infections for long periods without suffering significative changes they 
are adequate hosts for studying this disease. This rodent may also be 
infected with other helminthic and protozoan parasites facilitating the 
study of concomitant infections6,20. 
In the present paper the humoral response in mice infected only by 
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Toxocara canis and coinfected by one of other parasites (Ascaris suum, 
Taenia crassiceps, Schistosoma mansoni, Strongyloides venezuelensis 
or Toxoplasma gondii) was studied in order to understand the dynamics 
of host-parasite relationships in concomitant infections.
MATERIALS AND METHODS
Infection of animals: One hundred and thirty BALB/c male mice, 
five to six weeks old, were divided into three groups, each one infected 
by one species of helminth or protozoan parasite or concomitantly with 
T. canis, according to the scheme indicated in Table 1. The last group, 
composed of 10 mice free of infection, was used as control.
Parasites: Females of T. canis were dissected to obtain eggs 
maintained in formaldehyde solution 2%, at least for 30 days at 28 oC, 
with periodic oxygenation, to achieve infective larvae. Adults of A. 
suum were obtained from pigs slaughtered in the Itapecerica da Serra 
city abattoir, and females were also dissected and the eggs kept in the 
same way that those of T. canis for obtaining infective eggs. Cysticerci 
of T. crassiceps were provided by the Faculty of Pharmaceutical 
Sciences, USP, obtained after the sacrifice of experimentally infected 
mice. Cercariae of S. mansoni were obtained in the Laboratory of 
Immunopathology of Schistosomiasis of the Instituto de Medicina 
Tropical de São Paulo (IMT), after exposure of Biomphalaria glabrata 
experimentally infected to artificial light for 60 minutes. Infective larvae 
of S. venezuelensis, obtained from experimentally infected mice, were 
provided by the Parasitology Service of the Adolfo Lutz Institute. The 
cystogenic ME49 strain of T. gondii was provided by the Department of 
Parasitology, University of Campinas (SP) and maintained in BALB/c 
mice in the Laboratory of Immunopathology of Schistosomiasis of the 
IMT. The cysts were obtained from homogenization of the central nervous 
system of infected mice.
All animals used in the experiments were previously treated with 
Mebendazole to prevent interference from unwanted infections. 
Parasitological examinations: The infection of each batch of mice 
with different species of parasites was proved as follows:
-  Schistosoma mansoni, finding of eggs in stool tests by spontaneous 
sedimentation and hatching of miracidia from the 50th day after 
infection.
-  Strongyloides venezuelensis, presence of eggs or larvae in the feces 
of the fourth to seventh day post-infection (pi).
-  Taenia crassiceps, ascites formation from the 30th day p.i.
-  Toxoplasma gondii, cysts formed in brain examined at the end of the 
experiment.
-  Ascaris lumbricoides, larval recovery from tissues at the end of the 
experiment.
-  Toxocara canis, larval recovery from tissues at the end of the 
experiment.
Sera collection: The three animal groups were anesthetized, with 
xylazine and ketamine, and bled by orbital plexus puncture at 23, 38 
and 70 days after infection. All sera were frozen and stored at -20 °C 
in aliquots in plastic micro tubes, for subsequent processing by ELISA 
and Immunoblotting.
T. canis ES antigen: The excretion-secretion antigen (ES) of T. 
canis was prepared in the Laboratory of Seroepidemiology of IMT, 
from the culture of infective larvae of this parasite in Eagle medium, 
according to a standardized technique by Bach-Rizzatti3 and modified 
in this laboratory. The protein concentration of the antigen, determined 
by the method of LOWRY et al.29, was 600 mg / mL. Protease inhibitor 
(PMSF: Phenylmethylsulfonil Fluoride) 200 mM at a concentration of 
5 mL / mL of antigen was added to the antigen thus obtained which was 
then stored in aliquots at -20 °C until use.
Enzyme-linked immunosorbent assay (IgG ELISA): All serum 
samples collected from animals with single or concomitant infections 
were examined by ELISA to detect anti-Toxocara antibodies. Different 
concentrations of ES antigen of T. canis were tested using positive and 
Table 1
Schedule of mice infection according to parasite species, inoculum and way of infection
No of Animals Parasites Inoculum /animal Inoculation route
Group 1
10 Toxocara canis 200 eggs Oral
10 Ascaris suum 200 eggs Oral
10 Schistosoma mansoni 60 cercariae Subcutaneous
10 Strongyloides venezuelensis 1,000 larvae Subcutaneous
15* Taenia crassiceps 10 cysticerci Intraperitoneal
10 Toxoplasma gondii 1 cyst Intraperitoneal
Group 2
10 T. canis + A. suum 200 eggs each Oral
10 T. canis + S. mansoni 200 eggs + 60 cercariae Oral/ Subcutaneous
10 T. canis + S.venezuelensis 200 eggs +1,000 larvae Oral/ Subcutaneous
15* T. canis + T. crassiceps 200 eggs + 10 cysticerci Oral /intraperitoneal
10 T. canis + T. gondii 200 eggs + 1 cyst Oral/intraperitoneal
* Female mice were used in these groups as they were the best hosts for infection.
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negative control sera and the protein concentration of 20 mg / mL (100 
mL per well in plate) was determined for tests to be performed. The 
enzyme conjugate anti-mouse IgG labeled with horseradish peroxidase 
(g-chain specific, Sigma Immunochemicals) was used in 1:1,000 dilution. 
A mixture of H2O2 and O-Phenylendiamine (1.2-Benzenediamine) Sigma 
Chemical Co. [C6H8N2. 2HCl] diluted in citrate-phosphate buffer was 
used as substrate.
Results were evaluated by spectrophotometric reading at a wavelength 
of 492 nm in Titertek Multiskan apparatus MCC/340 P version 2.20 (Lab-
Systems, Finland). To calculate the threshold of reactivity (“cut off”) 
the average of optical densities (OD) readings of sera from 10 normal 
animals was considered, plus two standard deviations. As a positive 
control serum samples from two mice with 70 days of infection were 
used and, as a negative control, serum samples from mice bled before 
infection were used.
Western blott
Polyacrylamide gel electrophoresis (SDS-PAGE): The protein 
components of the ES antigen of T. canis were separated by 
electrophoresis on polyacrylamide gel at 10%, containing sodium 
dodecyl sulphate-reducing conditions, in Mini Protean II (Bio-Rad 
Labs, Hercules, California, USA) equipment. Molecular weight 
markers, obtained commercially (Sigma), containing the following 
proteins: Myosin 205 kD, B-Galactosidase 116 kD, 97.4 kD 
Phosphorylase B, bovine albumin 66 kD, 45 kD and Ovalbumin 
Carbonic anhydrase 29 kD, were used as standard references. 
An aliquot of 200 mL of the ES antigen of T. canis (600 mg / mL) was 
added to 50 mL of sample buffer, boiled for three minutes and applied 
to the gel, with standard molecular weight. For each gel a 200 volts 
current was applied until the tracking dye (Bromophenol Blue) reached 
its far end.
After electrophoresis, the separated fractions of ES antigen in 
polyacrylamide gel were electrophoretically transferred to nitrocellulose 
membranes. The nitrocellulose membranes containing the protein 
fractions of the ES antigen of T. canis were cut into 4 mm strips and 
processed by immunoenzymatic assay according to ANDERTON & 
THORPE (1980)1, being preceded by the blocking of nonspecific sites 
with PBS plus 5% (w / v) skim milk (PBS-milk) for one hour at room 
temperature while stirring. The strips were then incubated by stirring 
for one hour with serum samples diluted 1:100 in PBS-milk. After three 
10-minute washes with PBS-milk, incubation for one hour under stirring 
with enzyme conjugate labeled with alkaline phosphatase-specific mouse 
IgG diluted in PBS-milk at a 1:2,000 ratio followed. Again the strips were 
washed and were placed in a dark chamber in the presence of the enzyme 
substrate for alkaline phosphatase, a mixture of Bromo-chloro-indolyl 
phosphate (BCIP) and nitroblue tetrazolium (NBT) diluted in distilled 
water. After the appearance of bands (5-10 minutes) the reaction was 
stopped by transferring the strips to distilled water.
Statistical analysis: Nonparametric tests were used, depending on 
the experiment. In order to analyze the results of concurrent infections 
the Mann-Whitney test was used. The analysis of mortality data for the 
test employed was the chi-square. In all cases a significance level of 
95% was chosen.
RESULTS
Concomitant infections
1. Toxocara canis-Ascaris suum: Results of the experiment Toxocara 
canis + Ascaris suum (Fig. 1) showed a significant difference between 
the levels of anti-T. canis antibodies in animals infected only by T. canis 
and concomitantly infected with A. suum in the 23rd and 38th day p.i., 
with production of anti-Toxocara antibodies at higher levels in the co-
infected group (significance level of 95%). However, at the 70th day p.i., 
no significant difference in the results was observed in these groups. In 
mice infected only by A. suum no reactions were found in the 23rd and 
38th days p.i.. However, at day 70th pi. all sera examined showed D.O. 
above the threshold of reactivity (D.O. = 0.107). 
Western blotting analysis of IgG anti-T. canis revealed that sera from 
animals infected only by A. suum were not reactive, whereas sera from 
mice infected with T. canis and concurrently with both parasites showed 
similar patterns of reactivity in the 23rd (Fig. 6, strips 1 and 2) and 70th 
day p.i. (Fig. 8, strips 1 and 2), with a predominance of molecular weight 
bands of 45 and 97 kDa. However, on the 70th day the presence of a band 
of about 66 kDa was also observed. 
Table 2 shows that 70 days after the start of the experiment no 
significant difference was observed with respect to the lethality in mice 
in the three groups (isolated infections with T. canis and with A. suum 
concomitant infection). 
2. Toxocara canis-Taenia crassiceps: Figure 2 shows the occurrence 
of significant differences in the level of anti-Toxocara antibodies revealed 
by ELISA, from mice infected only by T. canis and concomitantly 
infected with T. canis - T.crassiceps, with higher levels of OD, in animals 
undergoing isolated infection by T. canis in the three occasions that 
were examined (significance level of 95%). Only in mice infected by T. 
crassiceps no reactivity was observed. 
Fig. 1 - Dynamics of ELISA estimated circulating anti- T. canis Ig G antibodies in BALB/c 
mice infected with Toxocara canis (), Ascaris suum (), and concomitantly () with both 
parasites. Bar represents median.
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Western blotting indicated that sera from mice infected with T. 
canis and concomitantly with T. crassiceps showed a similar pattern 
of reactivity in the 38th (Fig. 7, strips 1 and 3) and 70th day p.i. (Fig. 8, 
strips 1 and 3) with a predominance of 66 kDa and 45 kDa bands; group 
infected with T. crassiceps alone was nonreactive. The results in Table 
2 indicate that there was no significant difference (p > 0.05) between 
the rates of mortality in the group infected by T. canis, T. crassiceps or 
concomitantly with both parasites. 
3. Toxocara canis - Schistosoma mansoni: Experiment that studied 
the Toxocara canis + Schistosoma mansoni infections (Fig. 3) showed 
significant differences between the levels of OD in sera of animals 
infected with T. canis and concomitantly infected with S. mansoni in the 
23rd and 70th days p.i.. In mice infected only by the ascarid (significance 
level of 95%) higher levels of anti-Toxocara antibodies were noted. The 
group only infected by the trematode was non-reactive. 
Western blotting of sera from mice infected with these helminths 
indicated similar patterns of reactivity in the 38th day (Fig. 7, strip 4) 
and 70th p.i. (Fig. 8, strip 4) with a predominance of bands 97 kDa and 
66 kDa. The group infected only with S. mansoni was non-reactive. 
Seventy days after the beginning of the experiment a significantly higher 
mortality in the group of mice infected only by T.canis when compared 
with the other groups was observed (Table 2).
4. Toxocara canis - Strongyloides venezuelensis: Also in the 
experiment with T. canis + S. venezuelensis (Fig. 4) a significant 
difference between the levels of OD found in sera of mice infected with 
T. canis and concomitantly infected with S. venezuelensis in the three 
intervals was observed, showing anti-Toxocara antibodies at higher levels 
in mice infected only with T. canis (significance level of 95%). Sera from 
mice infected only by S. venezuelensis were non reactive. 
Observing the Western blotting of sera from animals in this 
experimental group it was noted that the group infected with S. 
venezuelensis was nonreactive; animals infected with T. canis and 
concomitantly with S. venezuelensis showed similar reactivity patterns 
with a predominance of bands of 97 kDa. on 23rd p.i. (Fig. 6, strips 1 
and 5) and 97, 66 and 45 kDa. the 38th day (Fig. 7, strips 1 and 5) and 
70th p.i. (Fig. 8, strips 1 and 5). Table 2 shows a significant difference in 
the mortality rate, with higher levels in mice infected only with T.canis. 
5. Toxocara canis - Toxoplasma gondii: The results obtained in 
mice infected with Toxocara canis- Toxoplasma gondii (Fig. 5) showed 
significant differences between the levels of OD of animals infected with 
T. canis and concomitantly infected with the protozoan only on the 23rd 
day p.i. (significance level of 95%). Animals infected only by T. gondii 
were non-reactive in the three intervals of infection. 
Table 2
Mortality, after 70 days, in BALB/c mice infected by Toxocara canis and in 
concomitant infection by T. canis and other parasites
Infections No. infected No. survival
Toxocara canis 10 7
Ascaris suum 10 8
T. canis + A. suum (1) 14 12
Taenia crassiceps 15 14
T. canis + T. crassiceps ( 2) 15 14
Schistosoma mansoni 12 12
T. canis + S.mansoni (3) 12 12
Strongyloides venezuelensis 10 10
T. canis + S. venezuelensis (4) 10 10
Toxoplasma gondii 10 7
T. canis + T. gondii (5) 10 5
(1)
 X2 = 0.884; p > 0.05; (2) X2 = 3.73; p > 0.05; (3) X2 = 7.89; p < 0.05; (4) X2 = 6.66; 
p < 0.05; (5) X2 = 1.148; p > 0.05.
Fig. 2 - Dynamics of ELISA estimated circulating anti- T. canis Ig G antibodies in BALB/c 
mice infected with Toxocara canis (), Taenia crassiceps (), and concomitantly () with 
both parasites. Bar represents median.
Fig. 3 - Dynamics of ELISA estimated circulating anti- T. canis Ig G antibodies in BALB/c 
mice infected with Toxocara canis (), Schistosoma mansoni (), and concomitantly () 
with both parasites. Bar represents median.
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Western blotting results indicate that the group infected only with 
T. gondii was non-reactive; in the remaining mice similar patterns of 
reactivity in the 38th day (Fig. 7, tape 6) and 70th p.i. (Fig. 8, strip 6) were 
observed, with a predominance of 97 and 66 kDa bands.
Data on mortality after 70 days of infection (Table 2) indicate no 
significant difference (p > 0.05) among the rates of all groups. 
DISCUSSION 
Toxocara canis is responsible for significant morbidity in young dogs 
and in recent decades has also aroused great interest as a possible cause 
of injury to humans due to the high frequency of soil contamination with 
Toxocara eggs12,35,36. Since diagnosis of human infection by larvated eggs 
of Toxocara became available by relative safety means, toxocariasis has 
been considered a public health problem, being almost always diagnosed 
in Brazil when properly investigated12. 
The objective of this study was to analyze the development of humoral 
immune response by IgG antibodies in mice subjected to experimental 
infection by larvae of Toxocara canis and, concurrently, to other parasites, 
using a model that, except for their differences, could reproduce the 
situation faced in natural conditions for paratenic hosts, particularly, 
humans. The main interest was to obtain information about the results 
of serological tests routinely used in the diagnosis of toxocariasis and, 
secondarily, to determine whether co-infection by other parasites in mice 
infected with T. canis could alter their survival rate. 
Because of the difficulties in demonstrating the presence of larvae of 
T. canis in the tissues of humans, immunodiagnostic tests currently offer 
the only practical way to estimate the prevalence of human toxocariasis 
and had been widely used to confirm the clinical diagnosis of this disease 
and had also been used in seroepidemiological surveys32. 
SAVIGNY et al. (1979)39, used excretory-secretory antigen (ES) 
produced in vitro by larvae of T. canis in immunoenzyme assay (ELISA), 
and were able to differentiate toxocariasis from other infections caused by 
helminths. These authors, however, worked in areas where the prevalence of 
human infection with intestinal parasites was very low. Even under similar 
conditions YANG & KENNEDY (1979)42 observed cross reactions between 
the sera of patients with infections caused by T. canis and A. lumbricoides. 
On the other hand, the occurrence of low specificity in serological tests for 
diagnosis of human toxocariasis was emphasized by LYNCH et al. (1988)30, 
working in the region of Venezuela with high prevalence of human infection 
by several intestinal parasites. In our laboratory practice, absorption with 
extracts of A. lumbricoides or A. suum is required practice in the routine 
diagnosis of human toxocariasis13 and, in certain circumstances, absorption 
with antigens of Strongyloides is also recommended5.
In the conditions of the present experiment, no cross-reactivity was 
observed in ELISA tests performed in sera of mice coinfected with T. 
canis larvae and either T. crassiceps, S. mansoni, S. venezuelensis or T. 
gondii. However, mice infected by A. suum larvae showed cross-reactions 
with T. canis ES antigens in the 70th day after infection. These results, 
even indicating the occurrence of cross-reactivity with Ascaris, in an 
unexpressive level, approach the results obtained by CUÉLLAR et al.14 
who did not observe reaction against the ES antigen of T. canis in 
BALB / c mice inoculated with larvated eggs of A. suum and followed for 
11 weeks. On the other hand, other authors have reported the occurrence 
of cross reactions with ES antigen of T. canis when sera from mice and 
rabbits infected with A. suum were examined18, similar to findings in 
humans36. The comparison between the absorbance level observed in 
the serum of mice infected only by T. canis and those co-infected by 
T. canis and A. suum showed no significant difference in the 70th day 
after infection (Fig. 1), when the peak of antibody production in mice 
experimentally infected by T. canis tends to occur11. 
Our findings could be compared to those from FAN & SU18 who 
observed non cross reactive IgG against Ascaris suum ES antigens (AsES) 
in sera of T. canis and A. cantonensis ICR infected mice. CUÉLLAR et 
al.14 also reported that sera of BALB/c mice orally infected with T. canis 
embrionated eggs showed no cross reactions to AsES antigen. In previous 
study FAN & SU18 observed no cross-reactivity to ES antigens of T. canis 
Fig. 4 - Dynamics of ELISA estimated circulating anti- T. canis Ig G antibodies in BALB/c 
mice infected with Toxocara canis (), Strongyloides venezuelensis (), and concomitantly 
() with both parasites. Bar represents median.
Fig. 5 - Dynamics of ELISA estimated circulating anti- T. canis Ig G antibodies in BALB/c 
mice infected with Toxocara canis (), Toxoplasma gondii (), and concomitantly () with 
both parasites. Bar represents median.
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or Toxascaris leonina larvae searching IgG in sera from A. suum- and 
A. cantonensis- infected mice as well as serum immunoglobulin from 
A. suum-, T. leonina- or T. canis- infected mice as examined by ELISA, 
SDS-PAGE and immunofluorescence.
Western blotting analysis of IgG anti-T. canis (Fig. 7-9) did not add 
much to that observed by ELISA. Sera from mice infected only by A. 
suum were non-reactive, whereas those from mice concurrently infected 
with T. canis and A. suum showed similar patterns of reactivity 23 and 
70 days p.i., predominantly in bands of 45 and 97 kDa (Fig. 6, strip 2, 
Fig. 8, strip 2). On the 70th day, however, the presence of a band of 
66 kDa was observed, considered responsible for possible cross-reactivity 
between antigens of these ascarids18,34. 
Studying sera from humans infected with T. canis in Venezuela, 
LYNCH et al (1988)30 found cross-reactivity between this ascarid and a 
large range of helminth parasites in high prevalence. The experimental 
model used in the present study, however, only managed to show cross-
reactivity in the case of infection with A. suum, that undoubtedly presents 
the closest phylogenetic relationship to the genus Toxocara37,41. It is 
possible, however, that this discrepancy is due to the fact that, in natural 
conditions, the hosts are subjected to situations that favor reinfection and 
that this is probably responsible for the greater stimulation of antibodies 
against this parasite. Another fact that deserves attention refers to the 
parasitic load that should eventually be greater in natural conditions, 
especially in the case of soil transmitted helminthic infections. With 
regards to mortality no significant differences among the three groups 
of mice were observed in the present experiment (Table 2), suggesting 
the absence of adverse interactions. 
No reactivity against T. canis ES antigens both in ELISA tests 
and Western blotting was observed in mice infected by T. crassiceps 
(fig 6-8, strip 3). However, lower levels of absorbance were found in 
the group concomitantly infected by T. canis and T. crassiceps when 
it was compared with the group infected only by T. canis, suggesting 
the occurrence of a possible interference of infection by cestode in the 
expression of the humoral immune response anti-Toxocara, analyzed at 
the three times (Fig. 2). 
Our results suggest, as well, the occurrence of negative interactions7,21 
in the concomitant infection of Toxocara and T. crassiceps, with the 
establishment of fewer larvae of T. canis in animals submitted to 
concomitant infection, since there seems to be parallelism between the 
amount of larvae present and the serological title observed in experimentally 
infected mice23. However, this interaction, if it occurred, did not express a 
significant change in the mortality rate observed (Table 2). 
There are several references to the occurrence of interactions between 
infection with other parasites and S. mansoni, both in experimental models 
and in humans, showing negative or positive interactions8,15,19,24,27. In this 
study mice coinfected with T. canis - S.mansoni showed in the 23rd and 70th 
days after infection, lower production of anti-Toxocara antibodies when 
compared to the group infected only by the ascarid (Fig. 3). There was 
also a lower rate of mortality in animals co-infected or infected only by 
S. mansoni (Table 2), although no significant difference was found in the 
number of S. mansoni specimens recovered by portal perfusion in mice only 
infected with the trematode and those concurrently infected with T. canis.
It is possible that these results are the consequence of the interaction 
between the immune responses determined by both helminths. Infection 
by larvae of T. canis determines important activation of T cells, Th2 
pattern, and a concomitant reduction in the number of Th1 cells16. 
Fig. 8 - Results of Western blotting using Toxocara canis ES antigen with serum samples of 
mice infected with Toxocara canis (1), Ascaris suum (2), Taenia crassiceps (3), Schistosoma 
mansoni (4), Strongyloides venezuelensis (5) and Toxoplasma gondii (6), 70 days after 
infection. NI = non infected control.
Fig. 7 - Results of Western blotting using Toxocara canis ES antigen with serum samples of 
mice infected with Toxocara canis (1), Ascaris suum (2), Taenia crassiceps (3), Schistosoma 
mansoni (4), Strongyloides venezuelensis (5) and Toxoplasma gondii (6), 38 days after 
infection. NI = non infected control.
Fig. 6 - Results of Western blotting using Toxocara canis ES antigen with serum samples of 
mice infected with Toxocara canis (1), Ascaris suum (2), Taenia crassiceps (3), Schistosoma 
mansoni (4), Strongyloides venezuelensis (5) and Toxoplasma gondii (6), 23 days after 
infection. NI = non infected control.
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Infection with S. mansoni also favors a predominance of Th2 response, 
which can inhibit or modulate Th1 response33, while in mice, at least 
initially, a response mediated by Th1 cells should be important25. 
Infection of synanthropic animals by T. gondii is almost as common 
as infection of dogs by T.canis. Both parasites are zoonotic; however, the 
prevalence of human infection by T. gondii is almost always higher than 
that of human toxocariasis, especially in the older age groups. On the 
other hand, concomitant infection by both parasites might be common 
in humans since the protozoan and the ascarid share soil ingestion as a 
common mode of exposure26,38.
There are some references to the interaction of concomitant 
experimental infection of T. gondii and other parasites, resulting sometimes 
in different frames than the simple addition of individual actions of each 
involved species2,17,27. On the other hand, CHEN et al.9 used modified 
ELISA rapid test to detect circulating antigens of T. gondii in sera of 
rabbits infected with this protozoan and observed no cross-reactivity with 
crude antigens of Cryptosporidium parvum, S. japonicum, Paragonimus 
sp., Brugia malayi, A. duodenale, A. lumbricoides and Trichinella spiralis, 
and, also, Plasmodium falciparum, the last one in human sera. 
Data obtained in mice infected only by T. canis and in the group 
undergoing concomitant infection T. canis - T. gondii in this study 
revealed no significant differences with respect to the humoral immune 
response, when sera from both groups were analyzed by enzyme 
immunoassay (Fig. 5), except that observed in the twenty-third day of 
infection, when higher levels of anti-Toxocara antibodies in animals only 
infected with the ascarid were detected. This result suggests some delay 
in the genesis of humoral immune responses in coinfection T. canis - T. 
gondii, which did not last for long time. 
The predominant immune response in toxoplasmosis depends mainly 
on T cells identified with the Th1 pattern. It is known, however, that 
cytokines derived from lymphocytes with a Th2 pattern (IL-4 and IL-10) 
have some importance in modulating the immune response in infection 
by T. gondii, suggesting the possibility of some interaction between both 
types of response4,40. 
Likewise observed for co-infection between T. canis-T. crassiceps 
and T. canis-S. mansoni in the concomitant infection between T. canis-S. 
venezuelensis less expressive levels of anti-Toxocara antibodies were 
found. At the same time, a lower mortality rate was verified in mice 
subjected to concomitant infection.
The results of this study, although valid only for the experimental 
model used, suggest that, in natural conditions, concomitant parasitic 
infections may differentially modulate host responses. Such interactions 
should be considered when interpreting real situations, both in terms of 
animal infections and in the case of the involvement of human beings.
RESUMO
Anticorpos IgG em camundongos coinfectados por Toxocara canis 
e outros helmintos e por protozoários parasitos
Estudou-se a resposta imune humoral expressa por anticorpos da 
classe IgG em camundongos BALB/c experimentalmente infectados com 
Toxocara canis em duas situações distintas. Na primeira, com o objetivo 
de verificar in vivo a possível reatividade cruzada entre Toxocara canis e 
outros parasitos (Ascaris suum, Taenia crassiceps, Schistosoma mansoni, 
Strongyloides venezuelensis e Toxoplasma gondii), foram realizados 
experimentos constituídos por três grupos de camundongos: um 
infectado apenas por Toxocara canis, outro com uma das demais espécies 
de parasitos estudados e um terceiro concomitantemente infectado 
por Toxocara canis e a espécie em questão. Todos os animais foram 
sangrados, através do plexo orbitário, 23, 38 e 70 dias após infecção. 
Os soros foram analisados para a presença de anticorpos anti-Toxocara 
por meio de teste imunoenzimático (ELISA) e por Immunoblotting, 
empregando-se antígeno de excreção-secreção (ES), obtido a partir da 
cultura de larvas de terceiro estádio de Toxocara canis. Para todos os 
experimentos utilizou-se grupo controle negativo constituído por 10 
camundongos não infectados. Apenas no caso da infecção por Ascaris 
suum, nas condições experimentais observadas, logrou-se demonstrar 
ocorrência de reatividade cruzada com antígenos de Toxocara canis. 
Verificou-se, entretanto, no caso das coinfecções entre Toxocara canis-
Schistosoma mansoni, Toxocara canis-Strongyloides venezuelensis e 
Toxocara canis-Taenia crassiceps produção de anticorpos anti-Toxocara 
em níveis significativamente inferiores do que os encontrados nos 
camundongos infectados somente por Toxocara canis. Nas coinfecções 
com Schistosoma mansoni ou Strongyloides venezuelensis observou-se, 
também, menor taxa de letalidade quando comparada à ocorrida nos 
animais com as respectivas infecções simples.
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